A new plasmon-resonant THz-wave emitter is fabricated and characterized. The heterostructure of the device consists of double-decked high electron mobility transistor (HEMT) and the upper-deck HEMT works as a grating antenna to convert the non-radiative plasmonic wave in the lower-deck HEMT channel to radiative THz electromagnetic wave. This conversion can be done more efficiently than a metal grating antenna. The experimental observed clear evidence of the THz-wave emission from the double-decked HEMT device.
The plasmon itself is non-radiative. Hence, in order to emit THz wave, an antenna is necessary to transform this longitudinal wave to a radiative transverse wave. The grating gate in the previous work does work as an antenna. However, theoretical study revealed that a low-conductive gate electrode, in which the electron concentration should be comparable to that of 2DEG channel, is preferred in the THz frequency range to enhance the efficiency of field emission [4] . In this case the metal gate has a disadvantage that there are much more electrons in it than the semiconductor channel. In the double-decked HEMT structure in this work, on the other hand, the upper deck channel serves as the grating antenna and its structure is exactly the same as the lower channel. Therefore more intensity in the emitted THz wave is expected.
The experimental setup is shown in Fig. 3 . The device is illuminated by a 1.5-μm CW laser from the backside. Electromagnetic wave emitted from the device is detected with a Si bolometer cooled down to 4.2 K through a filter permitting a frequency range between 0.5 to 3 THz. A lock-in technique is used for the measurement. The output of the bolometer is shown in Fig. 4 as a function of the drain bias voltage (V ds ). The V ds increases to the knee voltage from which the transistor is operated in the saturation region. The bolometer signal starts increasing at around 6 V and two clear peaks are observed at 8 and 11 V. These features were observed with good reproducibility as shown in Fig. 4 . For comparison, Fig. 5 shows the same measurement carried out on the device with the metal grating dual-gate HEMT structure device used in the previous work that confirmed the THz-wave emission by the photo response and electro-optic sampling measurements [3] . Note that the V ds range is different from those of Fig. 4 because the double-decked HEMTs in this work suffer from large parasitic source and drain resistance. Nevertheless the double-decked device exhibits more drastic change in the bolometer signal with increasing V ds . This result supports the idea of low-conductive gate stack to enhance the THz radiation efficiency [4] , and therefore indicates that the proposed double-decked HEMT structure is a promising candidate to realize solid-state THz-wave emitters with high power and large efficiency.
In conclusion, strong THz-wave emission is observed from the newly proposed plasmon-resonant THz-wave emitter with a double-decked HEMT structure. Further improvement in the intensity and efficiency of the THz emission will be expected by optimizing device parameters.
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Fig. 1:
Cross sectional view of novel plasmon-resonant THz-wave emitter with double-decked HEMT structure. 2D plasmon is generated in the lower-deck HEMT channel and the upper-deck HEMT works as a grating antenna. [3] . The gate biases (V g1 = 0 V and V g2 = -1 V) set at point that the highest emission signal was observed. Although THz emission was confirmed also on this device, the bolometer signal is much weaker than that shown in Fig. 4 . 
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